VIIK 612.015.3:615.014.41:57.084
B.I'. bapminuyk, B.C. MAPYEHKO®, T.A. BABMIYYK

XoA0A0BOI cTpecc Kak (pakTop Koppekuun (pyHKUMOHAABHOW
aPXMTEKTOHUKU rematodHuedarnyeckoro Oapbepa CTapbiX KpbIC.
1. DOpakTaAbHbIM aHAAM3

UDC 612.015.3:615.014.41:57.084
V.G. BaBiycHuk , V.S. MARCHENKO*, G.A. BABIYCHUK

Cold Stress as Corrector of Functional
Architecture of Blood Brain Barrier in Aged Rats.
Part 1. Fractal Analysis

[IpumeHsist paAMOU30TONHYI0 METOJUKY, METOJbl JIEKTPOHHON MHUKPOCKONUHU U (pakTanbHOil MOopdhoMeTpuu, U3ydainu
(GYHKIMOHANBHYIO apxXUTeKTOHUKY ['Ob 24-Mecsunbix kpbic. [TokazaHo, 4To GOJIeBBIE M MEPUOJMYECKHE XOJIOJOBBIC BO3ICHCTBHS
HU3KOH MOJIOXKHUTENBHOW M CBEPXHU3KOM OTPUIATEIbHOI TeMIepaTypoll UMEIOT CTPYKTYpHO-(QYHKIMOHAJIBHBIE OCOOCHHOCTH
pearupoBanus aneMeHToB [ OB, KoTopble JOCTOBEPHO BBISBIIIOTCS 110 HOKa3aressiM (paktanbHoi pasmeprocTH (D). [lpu GoneBbix
1 OKCTPEMAJIbHBIX KPUOBO3IEHCTBUSIX D SHIOTEINS KAMJUIIPOB MO3ra MOHOTOHHO Bo3pacTaeT 110 ~1,5. [Ipu nepuoauyeckoM BO3ACHCTBUN
runorepmun AD uMeeT BBIPaXKEHHYI0 PUTMUKY (aHTHIIEPCUCTEHTHBIE IEPUOIBI JISKAT MEXKY IEPCUCTEHTHBIMHU), YTO CBUAETEIbCTBYET
0 MOBBIIIEHUH INIACTUYHOCTH, HO COXPAHEHNH YCTOWYMBOCTH CTPYKTYphI. IIpu oXinaxkaeHun nopslaeTcs nporuaemMocts I'Ob ais
HopaapeHanuHa (eciu D~1,3) u anerunxonuna (npu D~1,7).

Kniouegvie cnosa: runorepmusi, KpuoTepanus, CTapeHue, reMarodHIedannueckuii 6apeep, yIbTpacTpykTypa, ¢ppakranbHas
Mopdomerpusi.

3aCcTOCOBYIOYH Pali0i30TOHY METOMKY, METOIH €IeKTPOHHOT MiKpocKoTil i ppakranbHOi MOpdoMeTpii, BUBYAIN (yHKIIOHATIBHY
apxiTekToHiKy remaroenuedaniqnoro 6ap’epa (I'EB) 24-micsunux mypis. [Toka3ano, 1o 00Jb0Bi i IepioANYHI X0JI0/0BI BINTUBH
HH3bKOIO TO3UTHBHOIO | HAJTHU3BKOIO HETAaTHBHOIO TEMIIEPATyPOI0 MAIOTh CTPYKTYPHO-(DYHKI[IOHATIbHI 0COOIUBOCTI pearyBaHHs elie-
meHTiB ['EB, siki 1OCTOBIpHO BUSIBIISIIOTHCS 32 TOKa3HUKaMHU (pakTaibHoi po3MipHocTi (D). [Ipy 60ib0BHX i eKCTpEMAaNbHUX KPIOBILIUBAX
D ennoTenio KaniyisipiB MO3Ky MOHOTOHHO 3pocTae 10 ~1,5. [Ipu nepioguysiii aii rimotepmii AD Mae BUpakeHy pUTMIKY (aHTHIIEpCH-
CTEHTHI [IePiO/IN JIe)KaTh MK EPCUCTEHTHUMH ), 11O CB1TYUTH PO MiJBUIIECHHS INIACTUYHOCTI, ajie 30epeKeHHi CTIKOCTI CTPYKTYpH.
ITpu oxomnomxenHi minsuiryerbes npouukHicts ['EB muis Hopaapenaniny (ko D~1,3) i anerunxomniny (npu D~1,7).

Knrouoei cnosa: rinorepMis, crapints, reMarocHieganiaauii 6ap’ep, ynpTpacTpykTypa, GpakraibHa MOpGHOMETPis.

Applying radioisotope methods, those of electron microscopy and fractal morphometry the functional architecture of blood brain
barrier (BBB) of 24 month-old rats has been studied. It has been shown that pain and periodic cold effects of low positive and ultralow
negative temperatures have structural and functional features of the response of BBB elements which are statistically and significantly
found with the indices of fractal dimension (D). At pain and extreme cryoeffects the AD value of brain capillary endothelium
monotonously increases up to ~1.5. At periodic effect of hypothermia AD is of manifested rhythmics (anti-persistent periods are
found between persistent ones), testifying to a rise in plasticity, but preservation of structure resistance. When cooling the BBB
permeability is increased for noradrenalin (if D~1.3) and acetyl choline (at D~1.7).

Key words: hypothermia, cryotherapy, ageing, blood brain barrier, ultrastructure, fractal morphometry.

He BbI3pIBaET COMHEHUS, UTO P CTPECcax pa3Ho-
0 reHe3a MOBBIIIAeTCS IPOHNUIAEMOCTh FeMaTOYHIIe-
(hanmueckoro 6apeepa (I'96) [4, 5, 13]. [TosTomy orm-
paBIaHHO BBECTH B COBPEMEHHBIE KOHLICIIIH 00IIIETO
aaTnTaliOHHOTO CHHAPOMA IIPEICTaBICHUS O PyHK-
nnoHaneHOM cucreme I'OB. Ilpu HEKOTOPBIX ecTecT-
BEHHBIX COCTOSIHUSX OpraHU3Ma I10 PsiLy IapaMeTpoB,
CXOJIHBIX C XPOHHYECKHM CTPECCOM (HarpuMmep B JTU-
HaMUKe CTapeHus), CBOMCTBA Oapbepa HapyIIaloTCs
HACTOJIBKO, YTO CYIIECTBEHHO U3MEHSETCS €T0 TPOHU-
LAEMOCTb ISl MHOTUX OHMOJIOTMYECKH aKTHBHBIX Be-
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There is no doubt that under stresses of different
genesis the permeability of blood brain barrier (BBB)
increases [4, 5, 13]. Therefore the adding of the notions
on BBB functional system to current concepts of ge-
neral adaptation syndrome is reasonable. In some natu-
ral states of an organism on the parameters similar to
chronic stress (e.g. in ageing dynamics), the barrier
properties are impaired in such extent that its perme-
ability for many biologically active substances alters,
that may cause both pathological reactions and the
triggering of regulatory mechanisms in cardiovascular
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IIECTB, YTO MOKET BBI3BATh KaK MaTo(hu3nonmorunyec-
KH€ peakiiuy, TaK M 3aIyCK PeryasTOPHBIX MEXaHU3-
MOB B CEpAECYHO-COCYIUCTOM U LIEHTPaIbHON HEPBHON
cucTeMax MyTéM H3MEHEeHUs (PPaKTaAIbHBIX XapakKTe-
PUCTHK UX QyHKIIMOHANLHOM rpanuel — b6 [5, 8, 11].
Kommnencaropusie peakunu I'9b urpatotr ocobeHHo
Ba)KHYIO POJIb IPH HETIPOIOIKUTENBHBIX, HO UHTCHCUB-
HBIX W/UITH PATMHYECKH OPTraHU30BAaHHBIX CEHCOPHBIX,
MIPEX]Ie BCETO XOIOJ0BBIX Bo3neicTBUsX [1, 6, 7]. [1o
HaIeMy MHEHHUIO, IMEHHO 3Ta 0co0eHHOCTh [ Db Mo-
XKeT ObITh OCHOBOM JIe4eOHOr0 NEHCTBUS TaK Ha3bl-
BaeMOM KpHOTepaIuu, Npu KOTOPOH OpraHu3M IMOJA-
BepraeTcsi KpaTKOBPEMEHHOMY 00IIIeMY BO3AECHCTBHIO
CYXUM BO3TyX0OM ¢ Temrieparypoit Hike — 100°C. B mo-
CJIEZIHUE TO/BI BO30OHOBHJICS HHTEPEC K IMPaKTHUEC-
KOMY HCIIOJIb30BaHHIO 3TOTO METO/1, OTHAKO MO-TTPEXK-
HEMy KpaifHe Majio (pyHIaMEeHTaIbHBIX HCCIICTOBAHUI
MEXaHU3MOB JIEWCTBHA Ha OPTaHU3M TETJIOKPOBHBIX
9KCTpEeMalbHO HU3KOH TeMmepatypsl [1, 6]. Tak, Bax-
HOH HepeIEHHOH ocTaéres mpodiieMa crieli(pUIHOCTH
XOJIOJTIOBBIX BO3ACHCTBUI, aHAIN3a JIEUCTBUS PA3HBIX
METOJIOB JIEYeOHBIX PEKUMOB OXJIaXKACHUS 10 CpaBHe-
HUIO C TEYEHHEM HEeCIIEU(PHUIECKOT0 a1alTallHOHHOTO
cuHapoMma — crpecca [1,7].

Lesns paboThI — BBIIBUTH CTPYKTYPHO-(DYHKITMOHAIB-
HbIe 0coOeHHOCTH pearnpoBanus [ Db 24-mecs4HbIX
KPBIC Ha KCTPEMaIbHO HU3KYIO Temrepatypy (—120°C)
[0 CPaBHEHUIO ¢ OONEBBIMU M TUIIOTEPMHUECKIUMHU
(12°C) Bo3aCHCTBUSAMH.

Matepunanbl U meToAbl
Bce axcniepuMeHTHI BBINIOJIHEHB! HA 12- u 24-Me-
CAYHBIX OENBIX KpBICaX-caMIlax B COOTBETCTBUH C
«OOUMMHI TPUHIIMIIAMA SKCTIEPUMEHTOB Ha )KHBOT-
HBIX», 0100peHHbIMU [V HanmonanbHBIM KOHTpeccom
o 6uoatuke (Kues, 2010) u cormacoBaHHBIMU C TIOJIO-
skeHuAMH «EBponeickoil KOHBEHITUH O 3alIUTE O3B0~
HOYHBIX ’KMBOTHBIX, UCTIOJIb3YEMBIX JUTS SKCTIEPHMEH-
TaJbHBIX U APYTHX Hay4HbIX enein» (CtpacOypr, 1986).
Putmudeckne skcTpeManbHble KPHOBO3AEHCTBUS
(POKB) ocymectisum B kpuokamepe «Kpuo-coeiic»
(®PT), koHCTpyKTHBHO yiydmeHHOW 3AO «Xomom»
(Yxpanna). Ognokparsslii ceanc POKB npoBoguim He-
HapKOTH3UPOBAHHBIM JKHBOTHBIM IPH TEMIIEpAType
Bo3My1HOMH cpenpl —1 20°C B Teuenue 1,5 mum; 3POKB —
TpH TTOCTICIOBATENBHEIX ceanca POKB, mepepriB Mex-
Iy KproBo3zericteusamu 5 muH nipu 22°C; 6POKB — 1pa
ceanca 3POKB (BTopoii ceaHc uepe3 CyTKH Iocie IepBo-
ro); 9POKB — cearnc 6POKB u uepes3 cytku 3POKB.
PutMuyeckne runoTepMuyecKue BO3IEUCTBUSA
(PI'B) npoBoanIIz Y MOMOIH IPOMBIIIITIEHHOT O THIIO-
tepmoreneparopa «Xonoxa 2d» (CCCP). Xonogusrit
Bo3ayx ((10...12) + 2°C) noctynan B HHANBHyaTbHbIE
[JTACTUKOBBIE KAMEPHI C )KUBOTHBIMHU HA TIPOTHKEHUN

KpuoBMOROrIM

T. 22,2012, Ne2

and central nervous systems by changing the fractal
characteristics of their functional border: BBB [5, 8,
11]. Compensatory reactions of BBB play an espe-
cially important role at not prolonged but intensive and/
or rhythmically organized sensory, first of all cold
effects [1, 6, 7]. We believe that namely this feature
of BBB may be the base of therapeutic effect of so-
called cryotherapy, during which an organism is
subjected to short-term general effect with dry air at
temperature below —100°C. Recently the interest to
practical use of this method has been renewed, ho-
wever, there is still a small number of fundamental
studies of the mechanisms of the effect of extremely
low temperature on homoiothermal organism [1, 6].
So, unsolved important problem is specificity of cold
effects, analysis of the effect of different methods of
therapeutic cooling regimens if compared with the cour-
se of non-specific adaptation syndrome, stress [1, 7].

The research aim was to reveal structural and
functional peculiarities of BBB response in 24-month-
old rats to extremely low temperature (—120°C) if
compared with pain and hypothermic (12°C) effects.

Materials and methods

All the experiments have been performed in 12-
and 24-month-old white male rats in accordance with
General principles of the experiments on animals,
approved by the 4™ National Congress in Bioethics
(Kiev, 2010) and coordinated with the notions of Euro-
pean Convention on the Protection of Vertebrate Ani-
mals Used for Experimental and Other Purposes
(Strasbourg, 1986).

Rhythmic extreme cryoexposures (RECE) were
performed in cryochamber CryoSpace (Germany),
advanced by Kholod Ltd. (Ukraine). Single session of
RECE was performed for non-narcotized animals at
air temperature of —120°C for 1.5 min; 3 RECE —
three consequent sessions of RECE, break between
the cryoeffects was 5 min at 22°C; 6 RECE — two
sessions of 3 RECE (the second session in 24 hrs after
the first one); 9 RECE — session of 6RECE and in
24 hrs — 3 RECE.

Rhythmic hypothermic effects (RHE) were per-
formed by means of industrial hypothermogenerator
Kholod 2F (USSR). Cold air ((10...12) £2°C) entered
to individual plastic chambers with the animals during
120 min (6 one second cold stimuli per 1 min).

The chosen cooling regimens caused body tempera-
ture variations in non-narcotized rats within the limits
of 1°C.

Threshold pain effects (TPE) were applied to limbs
of the rats placed into special chamber by means of
electric current with individual for each animal volt-
ampere characteristics up to the first behavioral signs
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120 mMuH (6 OZHOCEKYHIHBIX XOJOMOBBIX CTHMYJIOB B
1 MuH).

BriOpaHHbIe peKUMBI OXJIaKACHUS BHI3BIBAIN KO-
ne0aHus TeMIEepaTyphl Tela y HeHapKOTH3UPOBAHHBIX
KpsIc B peaenax 1°C.

[Toporossie 6oneBsie Bo3aeiicTus (IIbB) Hano-
CHJIM Ha KOHEYHOCTH KPBIC, TOMELIEHHBIX B CIIELIUAIb-
HYI0 KaMepy, JIEKTPUIECKIM TOKOM C MHINBUIYalb-
HBIMU JIJIS1 K&KJI0TO JKHBOTHOTO BOJBT-aMIIEPHBIMHU
XapaKTepPUCTUKAMH JI0 TIEPBBIX MMOBEACHYECKUX MPH-
3HAKOB peakiuu u3beranus (3 ceanca [16B B Teuenue
10 1 20 gueit — 10 u 20 IIBB cOOTBETCTBEHHO).

OO0pas31bl TKaH! MO3Ta T TPAHCMUCCHOHHOM JJIEKT-
POHHOM MUKPOCKOITMH YIIBTPATOHKMX CPE30B ITpenapH-
POBaJIM COIIACHO OOIENPUHATHIM MeTozaMm [2]. IIpo-
CMOTp U QoTorpagupoBaHHEe OCYIIECTBIISIIN B DJICKT-
pouaoM MuKpockorie [ITOM-125K («SELMIy», Ykpanma)
pH yckopsronieM Hanpspxkernn 75 kB. [Ipu mopdo-
METPUUECKOH 00pabOoTKe JaHHBIX UCTIONb30BAIN Pa3-
paboTaHHYI0 HAMU KOMIIBIOTEPHYIO CHCTEMY aHan3a
FRAM [1]. Peanmu3yst u3BECTHBIA MaTeMaTHIECKUH arr-
mapar [10, 12], paccuntsiBanu ¢ppakTaibHyIO pazMmep-
HOCTh (D) KaKk TaHTeHC yIy1a HaKJIOHa rpaduKa JTUHEH-
HOH armpOKCUMAaIINH JIOTapru(hMHIECKOI 3aBUCHMOCTH
IJIOMIAIA TOBEPXHOCTH HepernaioB IPKOCTH u300pa-
JKEHUH OT CTOPOHBI KBAIpara, KOTOPBIA €€ OrpaHuyu-
BaeT. [Ipu nHTepIpeTanuy JaHHBIX YYUTHIBAIHN 100~
JKEHHSI TEOPHH 0000IIEHHOTO OPOYHOBCKOTO JIBUXKE-
HUS, B KOTOPO# Qurypupyer BenndnHa H, CBsI3aHHAs B
HaIeM citydae ¢ D MpoCcThIM COOTHOIICHHEM: H =2 —
D [6]. Cunuraercs, uto npu H = 1 cuctema nuHeitHa u
JneTepMHHUpoBaHa; mpu H = 0,5 — ona ciydaiiHa. B oc-
TaNbHBIX ciny4dasx: 1 > H> 0,5 — cucrema mepcuCcTeHT-
Ha (CaMOTIOIICP’KUBAIOIIIASICS, CTAOMITEHAS, TIOJIOKH-
TeJIbHO KoppenupoBanHast), 0 < H < 0,5 — anTunepcuc-
TEHTHa (OTPHUIATENBHO KOppEIUPOBAaHHASA, UMEET
TEHJICHITUIO K TIEPECTPOUKAM).

Iponuntaemocts I'O6 st *H-Hopaapenanuna (CH-
HA) u *H-anerunxonuna (*H-AX) onpenensitu paguo-
M30TONHBIM METOJIOM, IPUMEHSISI IOKAIBHYIO CYyIIep-
(hy3uro Mo3ra Ipy MOMOIIHY KaHtoju push-pull, coemn-
HEHHOH ¢ mepucTaibTinaeckiM Hacocom KB 2115 (Lse-
1ust). MedeHbli HelipoMenaTop BBOAMIN B KPOBSIHOE
PYCIIO U OIHOBPEMEHHO co cOopoM nepdyzaTta Opanu
KPOBB U3 XBOCTOBOI BEHBI )KUBOTHOT'O. AJIUKBOTBI 3JIF0A-
Ta coOMpany B crienHalbHbIe (PIAKOHBI U 3aJINBAJIN
CLHMHTHULIUOHHOM KU IKoCcThIo (JKC-8). DddekTus-
HOCTb CYETa ONPENEISITI METOIOM OTHOILICHHUS! KaHAJIOB
Ha CIIUHTHULAIIHOHHOM cueTdnke LS-7800 («Beck-
many, CIIIA), mpu 3TOM paccuuThIBaAIIN KOI(GGHUITHEHT
nponunaemocty (KII) kak oTHOLIeHHE pagloaKTUB-
HOCTHU TKaHH MO3ra K paliOaKTUBHOCTH KPOBH.

CrarucTiaeckyio 00padoTKy ITOy9IeHHBIX Pe3yilb-
TaToOB MpoBOAMWIH 10 MeToay CThiogeHTa-Durepa.
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of avoiding reaction (3 sessions of TPE for 10 and 20
days — 10 and 20 TPE correspondingly).

The brain tissue samples for transmission electron
microscopy of ultra-thin sections were treated accor-
ding to traditional methods [2]. The viewing and ima-
ging were performed with electron microscope PEM-
125K (SELMI, Ukraine) at accelerating voltage of 75
kV. Morphometric processing of the data there involved
the designed by us computer analysis sofware FRAM
[1]. Implementing the known mathematical methods
[10, 12] there was calculated the fractal di-mension
(D) as the slope of the curve of logarithm dependence
linear approximation of the surface area of picture
brightness differential on the square side limiting it.
When interpreting the data there were taken into
account the notions of the theory of the generalized
Brownian motion, wherein is the value H associated
here with value D by means of simple ratio: H=2—-D
[6]. It is believed that at H = 1 the system is linear and
determined; at 4 = 0.5 it is random. In the rest of ca-
ses: 1 > H> 0.5 the system is persistent (self-main-
taining, stable, positively correlated), 0 < H < 0.5 it is
anti-persistent (negatively correlated, tends to re-
arrangements).

BBB permeability for *H-noradrenaline (*H-NA)
and *H-acetylcholine (*H-AC) was found by radio
isotope method by applying the local superfusion of
brain by push-pull cannula, connected to peristaltic
pump KB 2115 (Sweden). Labeled neuromediator was
introduced into blood channel and simultaneously with
the collection of perfusate the blood from tail vein of
an animals was taken. The aliquots of eluate were
collected into special flasks and poured in with scin-
tillation liquid (ZhS-8). The efficiency of counting was
examined by the method of the ratio of the channels
of scintillation counter LS-7800 (Beckman, USA),
herewith there was calculated the permeability coet-
ficient (PC) as the ratio of brain tissue radioactivity to
the one of blood.

The obtained results were statistically processed
according to Student-Fisher’s method.

Results and discussion

The main regularity of ageing of nervous system at
all the levels of organization is its decreased structural
and functional lability. Recently in biology there was
been formed a new scientific trend allowing a quan-
titative estimation of the most general level of order or
chaos of the lability of an organism functional systems
according to characteristic values and dynamics of
changes in fractal dimension [3, 8].

In the first part of the research we are considering
the average D value of endothelial chain of BBB, and
in the second one we will be discussing the distribution
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Pe3yAbTatbl M 00CyXxAeHHe

OCHOBHO}1 3aKOHOMEPHOCTBIO CTApEHHSI HEPBHOM
CHUCTEMBI Ha BCEX YPOBHSIX OPTraHU3aLUH SBIAETCS
CHIYKEHUE €€ CTPYKTYPHO-(YHKLIMOHAIBHOMN JTa0HIIb-
HocTH. B mocnennue roapl B Ononorun Gopmupyercs
HOBOE Hay4YHOE HalpaBJIeHHE, TO3BOJIAIOIIEE KOMNIECT-
BEHHO OLIEHUBATh HanOoJiee 00N ypOBEHb yIIOPsII0-
YEeHHOCTH MJIM XaOTHYHOCTH IO CYTH, JaOUIBHOCTH
(hyHKIIMOHABHBIX CHCTEM OPraHMu3Ma IO XapakTep-
HBIM 3HAYCHUSAM 1 TTHAMUKE U3MEHEHUH (hpaKTaaIbHON
pasmepHoctH [3, §].

B nepBoit vactu paboTHI MBI PACCMOTPHUM yCpe-
HEHHBIE D SHIoTemansHOro 38eHa I'Ob, a Bo BTOpOii —
pacmnpeneneHue 3HaueHui D 1o yabTpacTpyKTypPHBIM
KOMIIOHEHTaM Oapbepa.

Pacuér cpennux 3Hauenunii D npenaparoB HEOKOP-
TEKCa M TMIOTAJIaMyCca KOHTPOJIBHBIX JKUBOTHBIX, I10-
Ka3aj, 4TO B LIMPOKOM MacmTade BenuyuH (X120—
12000) reomeTpust U3yYEHHBIX CTPYKTYP MO3Ta 0CO-
OeHHO BOJIM3M KallWJLIIPOB UMEET SPKO BBIPa)KCHHBIE
(dbpakTanpHBIE CBOWCTBA. Y 24-MECAYHBIX KPBIC 11O
CpaBHEHHIO C 12-MeCSYHBIMHU YIABTPACTPYKTypa IMpH-
KaNUIIPHOTO HEMPOTINIIS XapaKTepPU3yeTCsl HU3KUM
YPOBHEM JIA0MIBHOCTH, HO OCTa&TCS MIEPCUCTEHTHOMN
(camomognepxuBatomeiics) (puc. 1) .

[To xpurepuro D npu PI'B, POKB uIlbBy 12-n
24-MeCsSIUHBIX KPBIC IPOUCXOANT CYLIIECTBEHHAsI ITepe-
CTpOIiKa TOHKHX MEXaHU3MOB HEHPOIITHAIBHO-3H0-
TEeJUATBHBIX B3aUMOOTHOLICHHH TPY COXPaHEHUH 00-
el apXUTEKTOHUKH MO3TOBOM TkaHU. DpakTanbHas
pasmepHocth npu PI'B otnnyaercs BonHooOpa3Hoit
JMHAMUKOM, IEPUO/Ib aHTHIIEPCUCTEHTHOCTH (OTpHUIIa-
TENBHON KOPPETAINY B3aUMOPACIIOI0KEHUS MUKPO-
4acTUIl OMO00BEKTA, BEAYIIICH K FIX TICPETPYIIITHPOBKE)
Ha 40- u 80-i1 munyTax PI'B nexat mexmy nepuogamu
MIEPCUCTEHTHOCTH (TIOJIOKUTEIBHOW KOPPETISIIIH pac-
MOJIOKEHHSI MUKpOJacTHIl Onooobekra) Ha 10, 60 u
120-it munyTtax PI'B (puc.1, A, C). Takas nuHamuka
n3MeHeHusl PppakranbpHOl pasmMepHocTy ipu PI'B cBu-
JETENbCTBYET 00 001el ycToiiunBocTH GyHKINO-
HaJIbHOI T€OMETPUH U3yUEHHBIX CTPYKTYp MO3ra IIpu
CYILLIECTBEHHOM IOBBIIIEHNH TUIACTUYHOCTH TPUAbIL:
HelpoH-Tus-Kanuiusip. HeobxoauMo oTMeTuTh, 4T0
HU3MEHEHUS YJIBTPacTPYKTYpPbI OoJiee BBIPaKEHBI B I1e-
pennem otaene runoranamyca (I1I'T) mo cpaBHeHUIO
¢ 3agHUM oTnenoM runortaigamyca (3I'T).

B cencomoropnoii kope (CMK) He 00HapyxeHO
JOCTOBEPHBIX OTIWYUI OT KOHTPOJIBHBIX 3HAUYEHUH.
[Ipu POKB Ttaxke mpoucxoaar KapIuHaJIbHbIE Tepe-
CTPONKH WHTHUMHBIX yIABTPaCTPyKTYPHBIX B3aUMO-
newicteuii (puc.1, B, D). [lunamuka D MmeHee puTMIY-
Ha 110 cpaBHeHuto ¢ PI'B, 6e3 pe3kux nepenanos (HeT
TOYKH IIepexos1a B 00J1aCTh JMHEHHBIX OTHOIICHHUH 3B-
KJIUJIOBO# reoMeTpuu, kak Ha 20-it munyte PI'B) n
MeHee ycToiunBa (D HaXOUTCS B OTIACHOW OJIM30CTH K
30HE HECONIACOBAaHHBIX, CITyYalHBIX U3MEHEHHUH ).
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of the values D on ultrastructural components of the
barrier.

The calculation of average D values for neocortex
and hypothalamus preparations of the control animals
has shown that in a wide range of values (x120-12,000)
the geometry of the studied brain structures especially
near the capillaries has manifested fractal properties.
In 24-month-old rats if compared with 12-month-old
ones the ultrastructure of near-capillary neuropil is
characterized with low level of lability but remains
persistent (self-maintaining) (Fig. 1).

On criterion D at RHE, RECE and TPE in 12- and
24-month-old rats there is a significant re-arrangement
of fine mechanisms of neuro-glial-endothelial inter-
actions when preserving a general architecture of brain
tissue. Fractal dimension at RHE is differed by wave-
like dynamics, the periods of anti-persistence (negative
correlation of co-location of bioobject microparticles,
leading to their re-grouping) at the 40™ and 80" min of
RHE are between the periods of persistence (positive
correlation of bioobject microparticles location) at 10,
60 and 120™ min of RHE (Fig. 1 A, C). Such a dyna-
mics of changes in fractal dimension at RHE testifies
to general resistance of functional geometry of the stu-
died brain structures at significant rise in plasticity of
triad: neuron-glia-capillary. It should be noted that the
changes in ultrastructure are more manifested in ante-
rior hypothalamus (AH) if compared with the posterior
one (PH).

In sensomotor cortex (SC) no statistically significant
differences versus the control values were found. At
RECE strong re-arrangements of intimate ultrastruc-
tural interactions also take place (Fig. 1 B, D). Dyna-
mics of D values is less rhythmic if compared with
RHE with no sharp differentials (no transition point
into the area of linear relationships of Euclidean geo-
metry as it was at the 20" min of RHE) and less resis-
tant (D is in a dangerous vicinity to the zone of non-
coordinated, random changes).

An increased fractalization of ultrastructural ele-
ments is kept after 9 RECE, including all hypothalamus
and sensomotor area of brain cortex. According to
criterion D the elements of ultrastructure after RECE
are in an increased readiness to transformations (values
D do not come to the norm and remain in anti-persistent
zone).

At TPE the means of D alter slightly in 12- and 24-
month-old rats (Fig. 1, B, D).

The most significant changes are found by us in
the ultrastructure of endotheliocytes and surrounding
the vessel basal membrane.

To the 10" min of RHE the width of basal membra-
ne reduces, to the 60" min this index increases and to
the 120" it exceeds the control values by 30—40%. It
is important to be noted that in AH capillaries the width

problems
of cryobiology

Vol. 22, 2012, Ne2



[ToBeiieHHas QppakTanm- 2 A KoHTponb
3alys SJIEMEHTOB ybTpacT- o 181 Control B
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MpoAomKNTENbHOCTL BO3AENCTBUS, MUH dpakTanbHas pasmepHocTs D
aroTCA K HOPME U OCTaroT- Exposure duration, min Fractal dimension D
Cs1 B AaHTUIIEPCUCTEHTHOM 30- )
He).  ——— |
KoHTponb
1,8
Hpu I1bB cpeanue 3na- C Control D
yeHUs D N3MEHSIIOTCS He3Ha- o 164 PR%E
o 1,4 4
YUTENIBHO y 12- u 24-mecsu- 2 a 3P3KB |
HBIX Kpbic (puc.1, B, D). g9 121 1l 7 3RECE
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HaubGornee cymiecTBeHHbIE 8 g 7 %Egég _ﬁ_—;
W3MEHEHHsI OTMEUEHbl HaMU xS 081 9P3KB | =
B YJIBTPACTPYKTypE dHIOTE- é % 0,6 19$<ECE
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JIMOUUTOB U OKPY>KAFOIIIECH CO- g 044 10TPA
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YMCHBIIACTCA TOJIIHWHA 0a- 0 10 20 40 60 80 120 0 0,5 1 1,5 2

3aJbHOM MeMOpaHbl, Ha 60-i
MHHYTE 3TOT TIOKa3aTelb
yBenmauBaetcs u k 120-if Ha
30-40% mpeBsIlIaeT KOHT-
pOJIbHBIE 3HaUeHHs. BaxHO
OTMETHUTb, YTO B KAMJUIIPAX
[I'T Tonmmuua Ga3ambHOU
MeMOpaHbl YBEIHMINBACTCS
HECKOJIBKO OOJBIIIE, YeM B Ka-
numsipax 31T (puc. 2, A).
AHAaJIOTHYHBIE W3MEHEHUS
MpeTepHeBalOT JMHEHHBIE TapaMeTpsl 0a3anbHOM
MeMOpaHbl MO3TOBBIX KamuJUIsApoB mocie 3, 6 u 9
ceancoB POKB, pu [1bB otcyTcTBYI0oT 0CTOBEpHBIE
pas3nu4us o CpaBHEHHUIO ¢ KOHTposeM (puc. 2, B).

Crnenuduka netictsust PI'B, POKB u [16B BbIsB-
nsietcs npu GpakTaabHOM aHaiuze. [1o KpuTepuro
(dhpakranpHOI pazmepHocTH TTociie 3POKB 6a3anbhas
MeMOpaHa CTaHOBUTCS Ooiee xkectkoit (D < 1,1),
nociie 6POKB ona mpubimkaercs co CTOPOHBI Mep-
CHCTEHTHOCTH K 30He OpOYHOBCKOTO ABMKEeHUS (D 1mo-
psanxa 1,45) u mepexoauT B aHTHUIIEPCUCTEHTHYIO 00-
nacts (D mopsiaka 1,55) mociie 9POKB, Torna xak npu
[16B 3nauenus D ocrarorcst B nepcuCTeHTHON obnac-
TH (puc. 2, D).

[Ipu PI'B o6Hapy:xuBaeTcs nHasi, B 00JIbIIEH YacTH
MIPOTUBOIIOJIOKHAS TUHAMHKA: OT aHTUIIEPCUCTEHTHOM
reOMETPUH K IEPCUCTEHTHON 1 3BKIINI0BOH (puc. 2, C).

npo6ne|v|b|
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MpogomKknTenbHOCTb BO3LENCTBUS, MUH
Exposure duration, min

111

®pakTanbHas pasamepHocTb D
Fractal dimension D

Puc. 1. ®pakranbHas pasMepHOCTS (D) CTpYKTYp MO3ra KpBIC IIPU XOJIOIOBBIX M OOJIEBBIX
Bo3zaericTBusAX: A — PI'B (24-mecstunbie); B —POKB u I1BB (24-mecsaunsie); C— PI'B
(12-mecstanpie); D — POKB u I[16B (12-mecsunpie); 0-CMK; O-
Fig. 1. Fractal dimension (D) of rat brain structures at cold and pain effects: A—RHE
(24-month-old); B—RCE and TPE (24-month-old); C— RHE (12-month-old); D—RECE
and TPE (12-month-old); 0-SC; O- AH; - PT.

II'T; m-3I'T.

of basal membrane increases somewhat bigger than
in PH ones (Fig. 2 A). Linear parameters of brain
capillary basal membrane are subjected to the same
changes after 3, 6 and 9 sessions of RECE, at TPE no
statistically significant differences if compared to the
control were seen (Fig. 2B).

Specificity of the effect of RHE, RECE and PTE
is revealed during fractal analysis. On the criterion of
fractal dimension after 3 RECE the basal membrane
becomes more rigid (D < 1.1), after 6 RECE it approa-
ches from the side of persistence to the Brownian
motion zone (D about 1.45) and transforms into anti-
persistent area (D about 1.55) after 9 RECE, while at
TPE the values D remain in a persistent area (Fig. 2D).

At RHE there is found a different, mainly opposite
dynamics: from anti-persistent geometry to persistent
and Euclidian one (Fig. 2C).
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I'ens GazanpHOM MeMOpa-
HBI, 00pa30BaHHBIN IIFOKO3-
aMUHOIJIMKaHAMH, CO3JacT
MOJIEKYJISIPHBIA U 3JIEKTPO-
cTaTu4ecKuil GpuibTp, odec-
MIEYNBAOIIHI CENIEKTHBHYO
MPOHHULIAEMOCTb MEMOPaHBI
IUISl OTPHULIATETBHO 3apsKEeH-
HbIX MoJekyl. Kpome Toro,
e€ mpoTeonMKaHbl 00aa-
0T OCMOTHYECKON aKTHB-
HOCTBIO, KOTOpas TaKXe pe-
T'YJIIHPYeT MPOHUIIAEMOCTb.
Bce aT0 mo3BosieT paccMat-
puBaTh 0a3aabHYI0 MEMO-
paHy Kak JONOJIHUTENbHBIN
perymnsarop QyHKIIMOHATHHON
aktuBHOCTH | Ob. Bapnannu
wIom@aau 0a3aibHON MEMO-
paHbl, IO HAallleMy MHEHHUIO,
MOTYT OTpakaTh U3MEHEHUE
CTeTeHH MOJTMMEpPH3aL K TITFO-
KO3aMUHOIJIMKAHOB U BITHATD
Ha YpOBEHb POHULIAEMOCTH
I'Db.

MoHO IpeaoNnOKUTh,
YTO BBICOKUH YPOBEHb (ppak-
tanuzanuu (D ~ 1,6) oTpa-
KaeT COCTOSTHUE TTOHVKEH-
HOM aAre3un SHA0TETHAb-
HBIX KJIETOK K 0a3albHOM
MeMmOpane. B aToMm cocros-
HUH, BO3MOXKHO, pa3pymia-
IOTCSl KECTKUE MOJICKYIISIP-
HBIE CTPYKTYPHI 0a3aJIbHOTO
CI1051, HAPUMEP, PBYTCSI JTU-
CyNb(QUIHBIC CBSI3U B ¥KECT-
KOW KpeCTOOOPa3HOI KOHCT-
PYKLMH TaMUHHHA, KOTOpast
BBISIBJISIETCSI 3JEKTPOHHO-
MuKpockonmdecku [9]. Ha
HEKOTOPBIX TIperaparax MbI
HaOmonamn orcioeHue Oa-
3aJIbHOM MeMOpaHbl, Mpo-
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Puc. 2. Mopdomerprueckne nokaszaresnu 06azainbHOW MeMOpaHbl KalMJUIIPOB MO3Ta
24- MeCSAYHBIX KPBIC PH XOJIOJOBHIX M OOJIEBBIX BO3JCHCTBHUAX: A — OTHOCHTENbHAS
TOJIIMHA 6a3aIbHON MEeMOpaHbI KaMWJLIAPOB TOJIOBHOTO MO3Ta KpHIC, B fuHamuke PI'B;
B — orHOCHUTENBHAS TONIMHA 6a3anbHOW MEeMOpaHb! KalMJLUIIPOB FOJIOBHOTO MO3Ta
kpsic ipu POKB u IIBB (3a 100% npuHsaTa cpeanHsas ToamuHa 6a3aabHEIX MEMOpaH
CMK B koHTpoJIE, T. €. 10 Hadana Bo3aekcTBus); C — (pakraipHas pa3MEepHOCTH
6azanpHOI MeMOpans! ipu PI'B; D — dpakransHast pa3sMepHOCTh 0a3abHOM MEMOPaHBI
npu POKB u [16B; O-CMK; O-I1I'T; ®-3I'T.

Fig. 2. Morphometric indices of brain capillary basal membrane of 24-month-old rats at
cold and pain effects: A — relative width of basal membrane of rat brain capillaries in
RHE dynamics; B —relative width of basal membrane of rat brain capillaries at RECE
and TPE (mean width of SC basal membrane in the control is assumed as 100%, i. e.
before the procedure); C — fractal dimension of basal membrane at RHE; D — fractal
dimension of basal membrane at RECE and TPE; O0-SC; O- AH; - PT.

HUKHOBEHUE U3 €€ TYTIIUKATyPbl OTPOCTKOB IEPULITOB
1 00pa3oBaHre KOHTAKTOB C SHAOTEIMOLUTAMH KaTIrJI-
nspoB (puc. 3, A). Ilo HameMy MHEHHIO, 3TH YIbTpa-
CTPYKTYpPHBIE 0COOCHHOCTH CIIOCOOCTBYIOT TTOBBIIIIE-
HHUIO CeNeKTUBHOU npoHunaeMoctu ['Ob B Hanpas-
JIeHUU MO3T-KpoBb [10].

[lepcucrenTtHslil ypoBeHs dpakTanmsaun (D~ 1,3)
COTIPOBOXAAETCSl 00pa30BaHUEM MHOTOYHCICHHBIX
MOJUIYTUIMKATYp 0a3aJbHOTO CII0s1, HAPaBJICHHBIX K
OTPOCTKaM aCTPOLIUTOB, PEAKTUBHBIM COCTOSTHUEM Op-
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Basal membrane gel is formed by glucosamino-
glycans and creates a molecular and electrostatic filter
providing selective permeability of membrane for nega-
tively charged molecules. In addition, its proteoglycans
possess osmotic activity also regulating permeability.
All this allows the considering of basal membrane as
additional regulator of BBB functional activity. Varia-
tions of basal membrane area can apparently reflect
the change in the polymerization degree of glucosami-
noglycans and affect the level of BBB permeability.
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TaHEeJUT IEPHUIINTOB, B YACTHOCTH KOoMILTeKca [ onbmku
(puc. 3, B), 4T0 XapaKTepHO ISl CEKPETOPHOT'O COCTOSI-
Hus. OnMcaHHbIE U3MEHEHUS YIBTPACTPYKTYPHI 3JIe-
menToB [ Db npuBogsT k D-3aBucuMoMy mpoTtuBodas-
HOMY TOBBIIICHUIO TpoHuIiaemoctu I'9b ms *H-HA
(ectu D ~ 1,3) u *H-AX (npu D ~ 1,7) B HanpaBiieHUH
KpoBb-MO3T (puc. 3, C).

[Ipu I1BB Takxke nponcxoaut D-3aBUCUMOE TTOBBI-
menne npornnaemMoct I'9b. OnHako 3TOT Mporece
KOJIMYECTBEHHO M KaYECTBEHHO OTJINYAETCS OT IEHCT-
Bust PI'B. Koaddunments: npornnaemocty st *H-HA,
*H-AX u D yBenu4uBarOTCS CHHXPOHHO M OCTAKOTCS
B 2 pasa Hwke 3Hauenuit npu PI'B (puc. 3, D).

OTMedyeHHbIe 3aKOHOMEPHOCTH H TIPEATIOIOKEHHS
OTIPENENSIOT CTPYKTYPHO-(YHKIMOHATBHBIE 0COOEH-
HOCTH MEXaHU3MOB JIEHCTBHS M3Y4aeMbIX CIOCOOOB
PUTMHUYECKHUX XOJIOAOBBIX Bo3AeicTBUi. [IpoTrBOMO-
noxubie 3¢ ekt PI'B 1 POKB moryT cratk o6meit
OCHOBOM 1151 pa3paOOTKU HOBBIX PEKUMOB, COYETAH-
HBIX CX€M Pa3HBIX CIOCOOOB JIeueOHON THIIOTEPMHUHU.

OnpenenéHaple HI3MEHEHUS TPY OOJIEBBIX U XOJIO-
JOBBIX BO3EUCTBUAX OOHAPYKHUBAIOT U COOCTBEHHO
SHIIOTETMOLMTHL. XapakTepHoi ocobeHHocThi0 PI'B
POKB sBnseTcs nosiBIeHNE B KaWJUIIPHOM SHAOTE-
JIUU GOJBIIOTO KOJMMYECTBA SHAOINUTO3IHBIX BE3UKYII
Pa3NIMYHBIX Pa3MepoB, BO3pacTaeT ¢ppakTann3anus
oOJsacTeil ¢ MOBBIMLIEHHON BE3UKYIAPU3ALUEH [TUTO-
mna3Mel. OfHAKO, KaK MpaBWIIO, JaHHBIE U3MEHEHUS
HUBeNnupyoTcs B koHIe ceanca PI'B u POKB ocra-
BasCh Ha HECKOJBHKO MOBBIIIEHHOM YPOBHE, KaK IpH
[1bB. Ha nroMuHansHOM KOHTYpE 3HAOTEIHOLUTOB
MOSBIISIFOTCS. M OOBIYHO OCTAIOTCSA MOCIIE CEaHCOB OX-
JMaXIEHUS] MHOTOYHCIICHHBIE BISTYNBAHUS, YBEIIH-
YHUBAETCS KOJIMYECTBO MUKpOBUILIEeH. B pe3ynbrare
3TOTO YBEIMYMBAETCS 001Ias JJIMHA JTIOMUHAIBHOM
MeMOpaHb! KanmuuisipoB (puc. 4, A, B), uyro npuBoaut
K COOTBETCTBYIOIIEMY N3MEHEHHIO (ppaKTaIbHOM pa3-
mepHocTH (puc. 4, C, D) 1 MOXeT CBHIETeTbCTBOBATh
0 MOBBILICHUH (PyHKIMOHATIBHOW akTuBHOCTH [ DB.

Habnrogaemble n3MeHEeHUs TOBEPXHOCTH SHAOTE-
JIMOIUTOB BMECTE C yBETMYEHNEM KOJIHMYECTBA IH]IO-
LIMTO3HBIX BE3UKYJI CBUICTEILCTBYIOT O PA3BUTHH IPO-
LIECCOB MMMHOLIUTO3a B SHAOTENNOLNUTAX KallUIUISIPOB.
Ha snexrponnbix Mukpodororpadusx Mel HaOMOIATH
Bce 3Tarbl (POPMUPOBAHUS MHHOIIUTO3HBIX BE3UKYIL,
HauynHas ¢ MHBarMHALIMH JIIOMUHAIEHOW MeMOpaHbl 1
3aKaH4YMBasl MPUKPEIUICHUEM BE3UKYJI K aOJIFOMHU-
HaJILHON MeMOpaHe C MocieTyouiel peuKIn3anei.

Ha pa3sbIx sTanax oxaxaeHnst opranu3Ma (B MEHb-
IIeH CTETICHH TIPH OOJIEBOM CTPECCE) TIPOUCXOIST OBICT-
pBI€ afanTalMoOHHbIE MPEoOpa30BaHUs, B TOM YHCIIE
Ha cyOKJIETOYHOM YPOBHE B 9HAOTEINHU KalUJUISPOB,
MIPUBOJIS K IEPHOANIECKOMY H3MEHEHHIO CTPYKTYPHO-
(hyHKUIMOHABEHON akTHBHOCTH | Db, onTrMu3arwm co-

KpuoBMOROrIM
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One may suppose that a high level of fractalization
(D ~ 1.6) reflects the state of reduced adhesion of
endothelial cells to basal membrane. In this state rigid
molecular structures of basal layer are likely destroyed,
e.g. disulphide bonds in rigid crest-like construct of
laminin, which is revealed by electron microscopy, are
broken [9]. In some slices we have observed exfo-
liation of basal membrane, penetration from its dupli-
catura of outgrowings of pericytes and formation of
the contacts with capillary endotheliocytes (Fig. 3A).
We believe these ultrastructural peculiarities testify to
a selective permeability of BBB towards brain-blood
[10].

Persistent level of fractalization (D ~1.3) is accom-
panied by the formation of numerous polyduplicaturas
of basal layer, directed to the growings of astrocytes,
by reactive state of organelles of pericytes, in particular
Golgi apparatus (Fig 3B), which is characteristic for
secretory state. The described changes in ultrastructure
of BBB elements lead to D-dependent anti-phase rise
in BBB permeability for SH-NA (if D ~1.3) and *H-
AC (at D ~1.7) towards blood-brain (Fig. 3C).

At TPE there is also D-dependent rise in BBB
permeability. However this process quantitatively and
qualitatively differs from the effect of RHE. Perme-
ability coefficients for *H-NA and *H-AC and D in-
crease synchronously and remain 2 times lower the
values at RCE (Fig 3D).

The found regularities and suppositions determine
structural and functional peculiarities of the mecha-
nisms of effect of the studied rhythmic cold effects.
Opposite effects of RHE and RECE can be common
base for designing new regimens, combined protocols
of different methods of therapeutic hypothermia.

Certain changes in pain and cold effects reveal the
endotheliocytes themselves as well. The feature of
RHE and RECE is the appearance in capillary endo-
thelium of a big number of endocytic vesicles of dif-
ferent sizes, fractalization of the areas with an increased
vascularization of cytoplasm enhances. However as a
rule these changes are levelled at the end of the session
of RHE and RECE remaining at slightly increased level
as well as at TPE. On luminal contour of endothe-
liocytes numerous invaginations appear and usually
remained after cooling sessions, the number of micro-
villi increases. As aresult a total length of luminal mem-
brane of capillaries enhances (Fig. 4A, B), leading to
corresponding change in fractal dimension (Fig. 4C,
D) and may testify to a rise in BBB functional activity.

The observed changes of endotheliocytes surface
along with a rise in the number of endocytic vesicles
testify to the development of pinocytosis processes in
capillary endotheliocytes. In electron microphotos we
have observed all the stage of formation of pinocytic
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Puc. 3. [Tapamerpsl CTPyKTYpHO-(DYHKIIMOHAILHOTO COCTOSIHUS YIIBTPACTPYKTYpHBIX KOMIOHEHTOB ' DB 24-MecsyHbIX
KPBIC MPH OOJIEBBIX M XOJIOIOBBIX BO3ICHCTBUAX: A — 3JICKTpOHOrpaMMa (parMenTa sHaorenrormra nocie 6POKB, crpenka
yKa3bIBaeT Ha oTpocTok mepuuuTa (X150000); B — anexrpoHorpamma ¢pparmenTa sunorenuonnta Kamwuripa [II'T Ha
60-ii munyte PI'B, ctpenka yka3biBaer Ha komiuiekc [onbmku nepunura (X30000); C — ¢dpakranbHas pa3MepHOCTh
SHJIOLMTO3HBIX KOMIIAPTMEHTOB SH/IOTEJIMOLUTOB KalMILIIPOB roJIoBHOTO Mo3ra Kpbic (H , ieBast 1mkasia) U IpoHUI[aeMOCTh
3BT mst *H-HA u *H-AX (npaBast mkana) npu PI'B; D — dpakranbHas pa3MepHOCTb 3HAOTEIHOLUTOB KAIIHIUIIPOB
TOJIOBHOTO MO3ra Kpbic (JieBast mikaia) u nponuaemMocts I'DB III'T st *H-HA u *H-AX (mpaBas mkana) npu [16B.

Fig. 3. Parameters of structural and functional state of BBB ultrastrcutural components of 24-month-old rats at pain and
cold effects: A —electronogram of endotheliocyte fragment after 6 RECE the arrow points to the pericyte process (X150000);
B — electronogram of the fragment of AH capillary endotheliocytes at the 60" min of RHE, the arrow points to Golgi
apparatus of pericyte (X30000); C — fractal dimension of endocytic compartments of endotheliocytes of rat brain capillaries
(3, left scale) and BBB permeability of AH for *H-NA and *H-AC (right scale) at RHE; C — fractal dimension of endotheliocytes
of'rat brain capillaries (left scale) and BBB permeability of AH for *H-NA and *H-AC (right scale) at TPE.

JeprKaHHsI MECCEH/IKEPOB, JeHCTBUE KOTOPBIX UHTET-
pHUpyeTCsl Ha ypOBHE LIUTOJIEMMbI U LIUTOCKEJIETHOTO
KOMIUIEKCa SHA0TeNnounToB. [lpn aTOM M3MeHseTcs
UX (pakTagbHBIH PUCYHOK, KOTOPBIH MOXET OBITh
00BEKTHBHBIM KOJINYECTBEHHBIM HHINKAaTOPOM CTPYK-
TypHO-(YHKIIMOHANBEHOTO coctosiHus ['Ob. bnaronaps
n30BITOYHON pOOaCcCTHOCTH (hpaKkTabHOE PYHKIIMOHU-

T. 22,2012, Ne2

vesicles starting from invagination of luminal membrane
and finishing by the adherence of the vesicles to ablu-
minal membrane with following recyclization.

At different cooling stages of an organism (in less
extent at pain stress) there are rapid adaptation
transformations, including those at subcellular level in
capillary endothelium, resulting in periodic changes in
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POBAHUE NOJKHO IMOBBIIIATE aJallTallUOHHBIC BO3MOXK-
HOCTH OpraHui3Ma IIpu CTpeccax pa3Horo reies3a, nH-
TCHCHUBHOCTHU U IIPOAOJZKUTCIIBHOCTH.

BbiBOABI

1. Pacuér cpennux D nmpenapaToB HEHPOIUIIS HEO-
KOpTeKca M THUrnoTajaMmyca 24-MecIYHbIX KpbIC ITOKa-
3a]I, 4TO B LIMPOKOM MacmTabe BequuuH (X120—
12000) reomeTpust MO3ra 0COOCHHO BOJU3U KIS~
POB HIMEET SIPKO BBIPAKEHHBIE (ppaKTaIbHbIE CBOUCT-
Ba, HO XapaKTEPU3yEeTCsl HU3KUM IO CPAaBHEHHUIO C
12-MecsIYHBIMY )KUBOTHBIMH YPOBHEM JIAOUIBHOCTH €
MIePCUCTEHTHOM (CaMOTIO I PKUBAIOIICICS ) TUHAMU-
KOH.

2. boneBble ¥ NEPUOANUYECKUE XOJIOIOBBIE BO3AEH-
CTBHS HU3KOH MOJIOKUTENBHON U CBEPXHU3KOM OTpHUIIA-
TENFHOM TeMIepaTypoil IMEIOT CTPYKTYPHO-(QYHKITHO-
HaJlbHbIe OCOOCHHOCTH pearnupoBaHUS dJIEMEHTOB
I'Sb, KoTOpBIE JOCTOBEPHO BBISABISIOTCS IO MOKa3a-
TensAM (ppaKkTaIbHON Pa3MEPHOCTH.

3. IIpu OoNEBBIX M PUTMHYECKUX IKCTPEMATBHBIX
KpPHOBO3IEHCTBHUAX (PpaKTaibHasi pa3MEPHOCTH IHJIO-
TeIUs KalWUISIPOB MO3ra MOHOTOHHO BO3pacTaeT 70
D~1,5 (ynpTpacTpyKTypa mepexoauT B 30Hy cy1abo
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dpakTanbHas pasamepHocTb D

115

dimension of luminal membrane
at RHE; D — fractal dimension
of luminal membrane at RECE
and TPE.

0,5 1 1,5 2

Fractal dimension D

structural and functional activity of BBB; optimization
of the content of messengers, the effect of which is
integrated at the level of cytolemma and cytoskeletal
complex of endotheliocytes. Herewith their fractal
pattern, being likely an objective quantitative indicator
of structural and functional state of BBB, changes.
Owing to surplus robustness the fractal functioning
should increase adaptation abilities of an organism at
the stresses of different genesis, intensity and duration.

Conclusions

1. Calculation of mean D for neuropile slices assays
of neocortex neuropil and hypothalamus of 24-month-
old rats has shown that in a wide range of the values
(x120-12000) the geometry of brain near capillaries
has vividly manifested fractal properties, but is
characterized with low versus the 12-month-old animals
level of lability with persistent (self-supporting)
dynamics.

2. Pain and periodic cold effects of low positive
and ultralow negative temperature have structural and
functional peculiarities of responding the BBB ele-
ments, which are statistically and significantly found
by the indices of fractal dimensions.
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COIVIACOBAHHBIX, CITyYaHBIX U3MEHEHHH ), TOBBIIIAET-
CSl X CTPYKTypHas JIaOMIbHOCTD, HO 32 CYET HEKOTO-
poti o01el fe30praHu3anuy.

4. Ilpu pUTMHUYECKOM BO3IEHCTBUU TUIIOTEPMUN
AD nmMeeT BRIpaXEHHYIO PUTMUKY. AHTHIIEPCHCTEHT-
HbIe TIEPHOBI JIeXKAT MEXIY MEPCUCTEHTHBIMH, YTO
CBUJIETEIBCTBYET O MOBBIIIEHUH IIACTUYHOCTH, HO
COXpPaHEHHUH YCTONYHNBOCTH CTPYKTYPBHI.

5. B ycnoBusix IeiCTBHSA Ha OpraHU3M pUTMUYEC-
KHX PEKMMOB OXJIQXKIEHUS MOBBIIIAETCS POHHUIIae-
Mocth I'Ob s nHopanpenanuna (eciu D ~ 1,3) u aue-
TxonuHa (ipu D ~ 1,7), mpuaéM BEKTOp MpOHUTIae-
MOCTH HallpaBJ€H K MO3Ty, 4TO XapakrepHo st PI'B.
[Ipu POKB B03M0>XHO TIOBBIIIIEHHE TPOHULIAEMOCTH
I'Db B HampaB€eHUN MO3T-KPOBb.

Asmopul 8bipasicaiom UCKpennion 61a200apHocms
k.0.n. Mapuenxo Jlapuce Hukonaesne 3a neoyenumyio no-
MOWb 8 NPOBEOeHUU INIeKMPOHHO-MUKPOCKONUYECKUX UC-
Cc1e008anuUil.
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3. At pain and rhythmic extreme cryoeffects the
fractal dimension of brain capillary endothelium mono-
tonously increases up to D ~ 1.5 (ultrastructure trans-
fers into the zone of weakly coordinated, random
changes), their structural lability but due to some
general disorganization.

4. At rhythmic effect of hypothermia is of a mani-
fested rhythmic. Anti-persistent periods are between
the persistent ones, testifying to a rise in plasticity, but
preservation of structure resistance.

5. Under the effect of rhythmic cooling regimens
in an organism the BBB permeability for noradrenalin
increases (if D ~ 1.3) and acetylcholine (at D ~ 1.7),
moreover the permeability vector is directed to brain
which is characteristic for thythmic hypothermic effect
(RHE). At RECE the rise in BBB permeability towards
brain-blood is possible.

The authors aknowledge Larisa Marchenko, PhD, for
tremendous help in performing electron microscopic studies.
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